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@ Ejector array and a method of achieving it 

@ Method of achieving with at least two com- 
pressed air operated ejectors a desired sub- 
pressure in the shortest possible time and with 
the least use of energy, this method including 
connection of the ejectors such that they work 
one at a time in response to which of them is 
supplied with compressed air. In turn, compres- 
sed air supply is controlled in respons to the 
subpressure in a subpressure collection cham- 
ber common for all ejectors. An ejector array (1) 
for the method includes at least two compres- 
sed air operated ejectors (2, 3) each having its 
own optimum efficiency at the same values of 
the supplied compressed air. A sensor is dis- 
posed for sensing the subpressure in the cham- 
ber (23), compressed air being supplied to one 
ejector (2, 3) at a time, in response to the sensed 
pressure in the chamber (23). Compressed air is 
first supplied to the ejector (2) evacuating the 
greatest amount of air per time unit, and last to 
the ejector (3) generating the lowest subpres- 
sure. 
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The present invention relates to ejectors and par- 
ticularly to an ejector array including at least two ejec- 
tors, each of which is adapted for operating at its op- 
timum efficiency, and which together form what may 
be called a combination ejector. 5 

In accordance with the invention, such a combin- 
ation ejector is primarily intended for being construct- 
ed from smaller ejectors, preferably so called muitie- 
jectors, i.e. ejectors of the type including several con- 
secutively arranged ejector jets accomodated in the 10 
same ejector housing. However, the invention is not 
limited to such ejectors, and can be used with practi- 
cally all types of ejector operating with pressurized air 
or other gas. ,^. t _■ ... 
- - _ Subpressure is used in many fields, particularly .15 
r-.iiv for handling objects, e gT grippirig aind retaining them 
during movemerifand machining in machine tools, 
picking them out in sorting operations, picking paper 
in printing and binding machines and the like. Irres- 
pective of the field of use, it is known that the least 20 
losses in the use of energy, i.e. the best ratio between 
supplied compressed air and subpressure obtained, 
are obtained the closer to the point of operation that 
the ejectors can be placed, and it may be formed such 
as to be a part of the suction pad used for gripping the 25 
objects which are to be handled. Small, light multie- 
jectors of the type which are apparent from the Swed- 
ish patent 8802143-1, for example have been devel- 
oped for this purpose and can be placed on such as 
picking arms, manipulator arms and the like without 30 
incurring problems relating to weight and size. On 
most of these known multiejectors suction pads or 
other nozzles can be mounted directly on to them, 
and as already mentioned, they naturally give an op- 
timum use of energy. -35 

Ejectors of this kind are also implemented individ- 
ually to have an optimum efficiency within given op- 
erational ranges. This means that the optimum effi- 
ciency extends between an implementation where 
the ejector has low capacity, i.e. it evacuates a small 40 
amount of air per time unit, but with great effect, i.e. 
it achieves an extremely low subpressure, to an imple- 
mentation where the ejector has a high capacity, i.e. 
it evacuates a large amount of air per time unit, but 
has a low effect i.e. it achieves a moderatiy low sub- 45 
pressure. In other words, the ejectors are implement- 
ed to have a best efficiency in a desired combination 
of capacity and effect for a selected operational range 
and for a given compressed air supply. 

In such applications where large and heavy loads so 
are to be handled, e.g. in lifting or moving, relatively 
many and large suction pads are required for provid- 
ing sufficient lifting power so that the load is reliably 
attached to the bodies during handling. This requires 
in turn that a large amount of air must be evacuated 55 
from the pads and also that a very low subpressure 
must be achieved at the pads. The shape of the load 
may also have importance forthe configuration of the 



pads, and thus the amount of air which is to be evac- 
uated from them, as well as the material in the load, 
which may be of a nature such that it permits a pas- 
sage of a greater or less amount of air, which must be 
evacuated continuously during handling. 

Taking into account that the ejectors, as men- 
tioned, have different working characteristics, it is 
necessary in cases such as the ones mentioned 
above to choose ejectors that provide the sufficiently 
heavy subpressure and which can maintain it for the 
load in question to be retained with the aid of the suc- 
tion pad or pads during handling. Ejectors providing 
the heavy subpressure then have low capacity and it 
.thus takes a long time to reach the nescessary heavy 
subpressure at the^pads. An increase of the available- ; ; - *~y _ ■-■ 
compressed air oniy gives a marginal improvement of w: - 
capacity but a substantial increase in the amount of 
energy used for providing the compressed air. Ejec- 
tors having a high effect can not be selected since 
these do not give the necessary subpressure. 

The compressor installation and operation of the 
compressor itself for providing the compressed air is 
the costly part of a compressed air operated vacuum 
system. For the best operational economy it is there- 
fore a question of selecting a size of the compressor 
installation at a level suiting the application without 
unnecessary overdimensioning. 

At the same time, suitable ejectors for the appli- 
cation in question must be selected. As mentioned 
above, there are no ejectors in the prior art which in- 
dividually have the nescessary properties of rapid 
evacuation of a large amount of air and achieving a 
heavy subpressure. This situation thus requires a 
new ejector array for operation with a reasonable 
compressed air consumption without relinquishing 
the requirement of rapidity and efficiency of the 
means operating at subpressure, and the means can 
of course be other than suction pads. 

The present invention has the object of eliminat- 
ing the above mentioned problems by a new ejector 
array, a so-called combination ejector. This object is 
achieved by a method and an arrangement of the 
kind disclosed in the claims, which also disclose the 
distinguishing features of the invention. 

The invention will now be described in more detail 
in the following and in connection with the accompa- 
nying drawings, where 

Fig. is a perspective view of an embodiment of a 
combination injector in accordance with the in- 
vention, and 

Fig. 2 is a section taken alone the line ll-ll in Fig. 
1. 

The ejector array or combined ejector in Fig. 1, 
which has a generally box-shaped configuration, 
comprises two plate-shaped separate ejectors 2 and 

3, fastened on either side of an intermediate member 

4. The member 4 is provided with three openings: an 
outlet opening 5 for compressed air, a suction open- 



DOCID: <EP 0540488A1J. > 



EP 0 540 488 A1 



ing 6 for connection to a suction pad or the like, and 
an opening 7 for connection to a pressure transducer 
or other suitable means. In addition, the intermediate 
member 4 is provided at one short end with two open- 
ings 8, 9 for supplying compressed air to the ejectors 5 
2 and 3 respectively. 

The section of Fig. 2 schematically illustrates the 
internal configuration of the ejector array 1. The first 
ejector 2 is placed on one side of the intermediate 
member 4 and the second ejector 3 is placed on the 1 o 
other side. In the present case, the ejector 2 is the 
one which rapidly provides a vacuum amounting to 
between 50 and 40% of the ambient atmospheric 
pressure, and from this value the ejector 3 rapidly 
achieves a vacuum amounting to between 10 and 5% ts 
of the ambient atmospheric pressure. Neither these 
values nor the ejectors themselves constitute any 
part of the present invention, and therefore they will 
not be treated in detail. 

When the ejector array 1 is put into operation, 20 
compressed air is first supplied through the connec- 
tion 9, and is taken first through a chamber 10 and 
then through the jets 11, 13, 15, 17 for evacuating the 
chambers 12, 14, 16, beginning with the chamber 16 
and terminating in the chamber 12. Compressed air 25 
is vented to atmosphere through the chambers 18 
and 19 and the outlet 5. The chambers 12 and 16 are 
provided with non-return valves 20, 21, 22 permitting 
air to be exhausted from a subpressure collection 
chamber 23. This chamber 23 is provided with a sue- 30 
tion opening 6, to which unillustrated operating 
means, e.g. suction pads, are connected. 

A sensor is connected to the opening 7, this sen- 
sor in turn controlling the compressed air supply to 
the inlets 8 and 9. When the subpressure has 35 
reached a given value, e.g. 50% of the ambient at- 
mospheric pressure, the compressed air supply is 
steered over to the second inlet 8, which means that 
the second iejector 3 comes into operation while the 
first ejector 2 ceases to operate. The non-return 40 
valves 20, 21, 22 prevent the possible flow of leakage 
air through the first ejector 2 to the subpressure col- 
lection chamber 23. The second ejector 3 has the 
same principle configuration as the first ejector 2, but 
has, for example, its best efficiency in the range be- 45 
tween 50 and 5% of the ambient atmospheric pres- 
sure at the same values for the input compressed air 
as for the first ejector. Both ejectors 2, 3 are optimally 
suited in this array. 

What is essential to the array is that only one so 
ejector is working at one time. Actually, all the ejec- 
tors could be in operation at the same time, but those 
not operating in the pressure range prevailing, would 
then consume compressed air without supplying any 
notable amount of work. In the illustrated embodiment 55 
of the invention, the unillustrated compressed air 
switch is outside the combination ejector. itself, but of 
course can be incorporated into it e.g. into the inter- 
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mediate member or somewhere elwe in the array. 

It will be understood that by this invention there 
is achieved an ejector array which is extremely effec- 
tive and sparing of resources. It will be also under- 
stood that the array can include more than two ejec- 
tors, although in accordance with the invention the 
least number of ejectors is two. With the aid of the in- 
vention there has thus been achieved the object dis- 
cussed in the introduction, namely the method of 
combining ejectors in an optimum way not previously 
utilised to obtain the best efficiency and least use of 
energy. 



Claims \. ■- • ' 

1. Method of providing, with at least two com- 
pressed air-operated ejectors, a desired subpres- 
sure in the shortest possible time and with the 
least use of energy, characterised in that the 
ejectors used, which have optimum efficiencies 
within different working ranges for the same val- 
ues of the supplied compressed air, are coupled 
together in a controlled manner such that the 
subpressure generated by the ejectors is present 
in a common sub-pressure collection chamber for 
supplying to means suitable for operation at sub- 
pressure, and such that the. compressed air is 
taken to one ejector at a time in response to the 
subpressure in the subpressure collection cham- 
ber, starting with the ejector that evacuates the 
greatest amount of air per time unit, and finishing 
with the ejector generating the lowest subpres- 
sure. 

2. Ejector array (1) including at least two com- 
pressed air operated ejectors (2, 3), character- 
ised in that each ejector (2, 3) has its own opti- 
mum efficiency for the same values of the sup- 
plied compressed air, in that the ejectors (2, 3) 
are connected such that the subpressure gener- 
ated by the ejectors (2, 3) is available in a com- 
mon subpressure collection chamber (23), and in 
that in response to this sensed subpressure the 
sensor steers the compressed air supply to one 
ejector (2, 3) a time, the first ejector (2) to be sup- 
plied being the one evacuating the greatest 
amount of air per time unit, while the ejector (3) 
generating the lowest subpressure is supplied 
last 

3. Ejector array as claimed in claim 2, character- 
ised in that the ejectors (2, 3) are mounted on a 
common intermediate member (4) accomodating 
the common subpressure collection chamber 
(23), and in that the ejectors (2, 3) are adapted for 
evacuating the air in the collection chamber (23) 
via non return valves (20, 21, 22) for preventing 
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the passage of air to the chamber (23) via the 
ejectors (2, 3). 



10 



20 



25 



30 



35 



40 



45 



50 



55 



^JSDOCID: <EP 0540488A1 I > 




OCID: <EP 0540488A1.I > 




;DOCI0: <EP. . 0540*89* 4 I > 



EP 0 540 488 A1 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 92 85 0246 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, 
of relevant passages 



appropriate, 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION ant. CI. 5 ) 



Y 
A 



A,D 



PATENT ABSTRACTS OF JAPAN 

vol. 10, no. 218 (M-503)(2274) 30 June 

1985 

& JP-A-61 55 399 ( SHOKETSU KINZOKU K0GY0 
) 19 March 1986 

* abstract * 

EP-A-0 041 055 (AB PIAB) 

* page 2, line 29 - page 4, line 18; 
figure 1 * 

PATENT ABSTRACTS OF JAPAN 
vol. 10, no. 218 (M-503)30 July 1986 
& JP-A-61 055 398 ( SHOKETSU KINZOKU K0GY0 
) 19 March 1986 

* abstract * 

EP-A-0 346 314 (TELL) 

* column 1, line 55 - column 3, line 35; 
figures 1,4,5 * 

FR-A-2 375 471 (ZENOU) 

* page 2, line 20 - line 35; figure 1 * 



1,2 



3 

1,2 



2,3 



1-3 



1-2 



F04F5/22 
F04F5/52 



TECHNICAL FIELDS 
SEARCHED (Int. CI. 5 ) 



F04F 



The present search report has been drawn up for all claims 



Place of icarcB 

THE HAGUE 



Dale at aaapfalMia of I be lean* 

15 FEBRUARY 1993 



BERTRAND G. 



CATEGORY OF CITKU DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention • • , 
E : earlier patent document, but published on, or 

after the filing date - 
D : document cited in the application 
L : document cited for other reasons 

it : member of the same patent family, corresponding 
document 



